We have developed a genetic means to recover sequences from YAC-ends near the yeast selectable marker URA3. This strategy is based on the ability of URA3 to complement mutations in pyrF, an Escherichia coli gene required for pyrimidine biosynthesis. We have developed an E.coli strain with a non-reverting allele of pyrF that is also suitable for cloning (recA -, hsdR -). We demonstrate the utility of this complementation strategy to obtain right-end clones from three YACs containing Arabidopsis thaliana DNA.
Yeast artificial chromosomes (YACs) are widely used for cloning genes by chromosome walking. This strategy typically requires generating a YAC contig that encompasses the gene of interest. To assemble a contig, a YAC near the desired locus is used as a starting point for the walk. DNA sequences are isolated from the ends of this YAC and used as hybridization probes to identify additional overlapping YACs. A difficulty with this procedure is the ability to quickly and reliably obtain YAC-end clones. One YAC-end (the left-end) carries a bacterial origin of replication and selectable marker. Left-ends can be recovered by digesting the YAC with restriction enzymes that release these sequences and part of the insert DNA; the product of self-ligation can be recovered in Escherichia coli as an autonomous plasmid (plasmid rescue). The isolation of the other YAC-end (the right-end), however, is more difficult. A variety of methods have been employed, including direct cloning strategies, which are often labor intensive, and variations of the polymerase chain reaction (PCR) (for examples see [1] [2] [3] [4] . PCR methods are often unreliable, because the sequence of the insert DNA is unknown and cannot be used to make primers for traditional amplification strategies. In addition, PCR is limited by the size of DNA fragments that can be amplified, and amplification products often have to be cloned for detailed analysis.
We have developed a novel genetic method to clone YAC right-ends that utilizes the URA3 gene found at the right end of most YACs, including those constructed from the popular vector pYAC4 (5) . The URA3 gene encodes orotidine-5′-phosphate decarboxylase, an enzyme involved in uracil biosynthesis. In E.coli, this enzyme is encoded by pyrF, and the yeast URA3 gene (8, 9) . Lanes labeled H and N contain plasmid DNA digested with HindIII or NotI. The single arrowhead marks fragments in the HindIII digests that correspond to the vector. Lanes labeled P contain PCR amplification products using primers specific for the URA3 gene. Amplification products are marked with a double arrowhead. M denotes molecular length markers. Positive (+) and negative (-) controls are amplification products for reactions with the right-end of YAC CIC7H1 or no template DNA, respectively. can complement pyrF mutations (6) . We reasoned that the URA3 gene and adjacent YAC insert DNA could readily be recovered by utilizing the strong genetic selection afforded by pyrF complementation.
In initial experiments, we tested this strategy with the pyrF strain MH1066 (∆lacX74, hsr -, rpsL, pyrF::Tn5, leuB600, trpC9830, galE, galK). We found, however, that the pyrF allele in MH1066 reverts at a high enough frequency to make recovery of rare URA3-containing plasmids difficult. We have developed a pyrF -strain that overcomes this problem.
The E.coli strain X82 [F -, lacZ53(am) λ -, trpC60, pyrF287, hisG1(fs), rpsL8] contains a non-reverting allele of pyrF. However, X82 is not suitable for cloning because it is hsdR + and will restrict DNA with foreign methylation patterns. In order to construct a pyrF strain that can be efficiently transformed with plasmid DNA from eukaryotic sources, we first used 
lac).
Prior to transduction, XL1-Blue was cured of its F′ plasmid, which confers Tet R due to the presence of Tn10. XL1-Blue was also made recombination proficient (RecA + ) by transforming in a recA + plasmid exhibiting temperature-sensitive replication (unpublished). After infection with P1, Tet R cells were selected and uracil auxotrophs were identified by testing for growth on M9 media lacking uracil and supplemented with the appropriate amino acids and thiamine (M9-U). The recA + -containing plasmid was subsequently eliminated by growth at the non-permissive temperature for plasmid replication, creating the strain SKP10 [F -, recA1, endA1, gyrA96(Nal R ), thi, hsdR17(r k -m k + ), supE44, relA1, lac, trp::Tn10, pyrF287]. The uracil auxotrophy of SKP10 was complemented by the yeast URA3 gene on the high copy plasmid pRS426 (7), and in control experiments, we have never observed pyrF revertants (data not shown).
To test the utility of SK10 for cloning right-ends, libraries were constructed from three yeast strains, each carrying a different YAC clone of Arabidopsis thaliana genomic DNA (8, 9) . Total yeast DNA from each strain was digested with HindIII, which releases a ≥3 kb restriction fragment from the YAC that bears the URA3 gene and flanking A.thaliana sequences. The HindIII fragments were size-fractionated on agarose gels, and fragments from 3 to 7 kb and >7 kb were purified and ligated separately to HindIII-digested, phosphatase-treated pBluescript KSII -(Stratagene). Ligation products from each library were introduced into SKP10 by electroporation (1), and cells were allowed to recover at 37_C in liquid LB media for 30 min. The following growth regime was then implemented to enrich for transformants and to enhance selection for uracil prototrophy: ampicillin (100 µg/ml) was added to the recovering cultures and cells were grown at 37_C for an additional 2 h. Cells were then washed once with liquid M9-U and grown overnight at 37_C in M9-U. Cultures were harvested, washed, and resuspended in 1 ml of fresh media. Aliquots equivalent to 1/10 and 9/10 of the culture were plated separately onto M9-U plates supplemented with 100 µg/ml ampicillin. Transformations typically yielded between 10 and 300 colonies after 60 h growth at 37_C.
Plasmid DNA was prepared from 16 independent colonies obtained from each YAC. All plasmids tested from a given YAC carried identical inserts of right-end DNA in both orientations with respect to the cloning site. A representative of recovered right-end clones from each of the three libraries is shown in Figure 1 . Restriction digests of plasmids are followed by PCR amplifications of plasmid DNA with primers specific for the URA3 gene. Our data indicate that the complementation strategy is a powerful and reliable method to recover YAC right-end clones and is applicable to most YAC libraries. In contrast to PCR strategies for recovering right-end sequences, our method generates cloned right-end sequences that can be easily manipulated to develop molecular markers for chromosome walking efforts and to assemble YAC contigs.
